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ABSTRACT

A systea 1is describeld which incorporated a Hewlett-Packard
85 "desk-top" computar to control a frejuerncy synthesizer
and <Tead <the output of a 1l>yck-in apaiyzer to measure,
display and reccerd tha resonant f£raquencias, amplitudas, and
guality factors of saveral modss of an accustical resonator.
The system is capabla of locatinjy, asasuriang, and tzacking
the resonan* modes as paramet2rs which affsct sound spzed
and attenuatior ars: varied. An algorithm for rapidly
fis+ing "good guality"® measarsd data to 3 resdnance
iineshape is describ2d which d2termines guality factors *o
precisions ¢f better than 0.1 psrcent, amplitudes £ bsiter
thar 0.01 percenrt 2ad cznter £rsquenciss %o better +thar
0.1ppn. Sample oSutdout is provided for <he2 lowes*t three
plane wave modes of an air f£ill23 <cylinirical rcesonator in

the temperature rang2 of -15 to> 25 degrees Celsius.
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A. BACKGROQUND

Many applications in physics and engins2ring requirs the
ability to detarain2 <+the czatar frequency (£o), m2gipum

ampiitude (A), and gJuilicy fzcto- (Q) of a rssonanca. A faw

Cas

examples 9f this r2e23 arise ia :the measuzzment 322 the spes
of sournd, 3in the reciorcecicty calibpration 3f electroacoustic

t-ansducers [Ref., 1], and 11 the measursmsnt o0f sound

abscrption.

Prisrz o the a2iven: of zoaputers zail instrumensz<ion !

B

interfaciag, sevzrs linitatcid>as were imposed upon the

experimental precision sbtaiaable. The variation of .
ampilitude a<t resonanzs is seco2nil order in fr-equency so =hat
a small uncertainty in the wmaxinum ampiitude rasults ia sz
greater uncertainty in the frajuency corresponding %2 the
maximum amplitude. Also, the 2 is calculat=2d £from “he ratio

of a large number (c2n%er fr23i12ncy) +o the differences of

B, -

two larzge numbers whizh may diffz2r by 2 small amount (the 3

dB down frequenciss), resulting in an uncertainty in Q which

canr be quite large.




p— - ——— i

This prcject was lesigned t> produce an automated, high

precision system <cipabls of obtaining and tracking <che
center £frequency, maximum 3zaplitude and 3 of several
acoustical resonant modes in 11y given rssona*or as some
external parameter affacting these values is varied. The

approach was brcken up into four %ask groupos.

12

on ani Datsction

o

1. Aggustzcal Siinal Gejszit

It was necassary > 3

w

“ermirz which @sthodl of
rescnance axcitation and signal detection was Dbest suited
fo- au*omatad data zcguisition 1ni analysis. Tae £ollowing

are ths three techaijies a2xamin:z3 experimsntally:

1. swept fraquency coatinudous wavs excitation with
tracking narrowband 4aa2%2rodyne receptiorn asing
an HP 358JA spectrum z2113lyzer.

Y. phase-sensi+ive istaction utilizing a t“wo=-phase
lock-in analyzer and a programmable fraquency
synthesizer as a signazl source.

c. broadbanl noise s2axcisation ia conjunction with
ana PFT analyzer.

2. Da%ta2 Apalysis PBzogram D:zyslopnmen:

ka

It was necassary to detarmins a precise and
efficiant computer algoritha for <+he fitting of <the
resonange data to 2a resonanc? lineshape %> extrace £3, A,

and Q.

11




3. §System Iasplem2pntation

This involvad the assembly 5f the raquirad

components (computar, analog-to-3iigital converters, counter,
etc.) 1in a custom rick, intsrfacing and interconnrec+<ion of
components to the computer, resonator, ani szach other, and
the writing of the sof tware to 2llow “he coamaputer/centroller
to orchastrate all of the acguisi=icn, &analysis arnrd display
functicns.
4. gSystem Test 21d Evaluatian

The final task was to 235t <*he systeam on the lowest

frequency plan2 wav2 modszss o°f 1 gas filizd, cylindrcical

0o d2terniaz: the oracisiorn with which amplitude,

W

5]

Iegsconao

(1]

Q and center fregusncy couli b mzasurad; the <4razking
capabili*ies; +the processing spe2zd; 2zand the u%ili<y 2f <the

output.

B CONCLUSIONS FROM TASK COMPLETION

Upon cospleting tasks 1 anl 2, it was determined <ha+
method b (frequensy synthesizar/phase-sensi*tive detaczczor)
provided the best anois2 rejsstion and rcesoliuzion, vas
computer controllabla, and rasulted in a data set which
simplified *the implep2n+ation 2f :the resonance f£it algoritha

chosen from task 2. Method a >f task 1 was ra29ected due %o

12
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the lack of a suitabla computer :interface “hich would 2llow
autcmatic changes in frequency cange. Als>, the sveap would
requirs catching the wvalues "on zhe £ly" thus resulting in
inaccuracies ;hich ware sweep rat¢ dependeat and data points

which vere mo: aecassirily esqually spaced. Method ¢ was not

[T

utilizsd due to the ifrability :o concen“rate +1xa energy ig
the bands of interest, resulting in <hs nsed for higher
power to the resonatd>r without 2n increass in “je sSignal <o

noise ratio in the fraqusncy donain o5f intarase.

The completion Jf all of -hase <asks resulted in zhe

(B0

system to bs iescrib=i in the czmainder of this <hesis. The

system is capable of 1 pracisioa 2qual ¢o 5r better *han one

o
n
(2]
ot
.—l-
o

107 in frejusncy, ons paz= in 13,300 in ampli-=ade,

ard cne par+ ia 1000 for 2.
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II. ZQULRMENT SETUP AND DESCRIPIION

A. EQUIPMENT SETUP AND INTERPACE

Figure 1 shows a block diagram of the aquipment utilized
in the final systen. Th2 following is a brief look at the
overall function of *the syst2a shich will be followed by a
description of each individuzl pisce of 2quipmert.

The HP=85 compater dirsctly contrals all of <zhe
equipmsnt, with the 2xception >f£ the Lock-in Analyzer, via
the Hewlet+ Packard 1Irn<2rfacs Bus (HPIB). The coampu<ter
sends 2 value for <£frequancy 2aiad aaplitude to +he HP332S5A
Synthesizer/Function 3enerator, which causes an excitation
o the acoustic resonances iy ta2 rescnator. The ampli+ude
analog signal receiva2i by the Llock-in analyze:r is convar<eil
*0 a D.Z. vecltage which 1is sent to the HP3497A Data
Acquisitionontrol Jnit wherse i+ 1is digitized prior to
being sent to the coaputer via “hz HPIB. After processing,
the computer sends catput to th2 HP26734 Prin<er and the
HPT7UT0A Grarphics Plotter. The 3IP3456A reads the teampera:ure
in degrees Ceisius from a thermistor acunted in the boly of
the resonator and, whan interrosjated by tha HP-85, sends the
current value via th? HPIB. In *he test system (Chapter 1IV)

the HP332SA outputs <the requir2d £regu2acy and amplitude
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sigral by means of a power amplifier to the alastret
transducer at one 2and 2f ths resonator. An electret
trarsducer at the other end of the resonator picks uap <he
signal an3d sends it via an amplifier to the EGEG 5204. Thke
EGEG 5204 is phase-locked to ta2 HP3325A and oSu=pu=s a D.C.
veltage wnich is proporticnal t> <+<he Pythagorian sum of the
amplifisd in-phase 233 quadraturz components of the sigral.
This analog amplitula is sent t5 the H£3497a which, when
intercogated, senis via the HPIB, a digital measurement of
the voltage level. The HP-85 21so ouzputs values to5 the

HP2673A and HP74703 t> be print2d and plottad respectivaly.

Be EQUIPMENT DESCRIPIION
1. ER=83 Compuzzg

The Hewlett-Packard Psrsonal Computer (HP-85) is an
8 bit amicrocomputer containiay as standard a 16K byte
memory, 23 built-ig thermal printer and a small CRT. The
computer is programmad ir BASIC <computar language. As
utilized in this application, th2 memory was expanded ¢> 32K
bytes through <the us2 of an aid-on 16K byte memcry module
(#52903A). In adiition, thas H2IB in+terfacs (#82937a), and
the ROM Drawer (#829361) with a plotter/printer RON
(#00085-15002) and input/outpit ROM (200085-15003) Yare

atilized.

15




The HPIB is Hawlett-Packard's implamentation of <the

IEEE Standaxd 488-1975 and is a parallel bus of 16 ac=ive
signal 1lines, 3 data contrsl lines and S5 dintarface
maragement lines. It i1s capabls of interconnecting up to 15

instruments. Th2 input/output and printer/plotter R0OMs

further expanded thz memory 3in ordar to handle <he

(2]

transformations nesessary t> tcansmit :information via <+ke
E HPIB to <=he peripharals.
2. Digatal ¥olinmater HR34352

Alt lougk the IP3456A hras numerous capabilities, in

T i e 3 vk N e 5 A o RS o

this application it was only utilized as 2z means :o obtain a
temperaturs from a tharmistor aiad <o transmit tha+ valuz2 via

the HPIB to tae HP-85 computer. Its only utilization was %9

B s et Tt e S SUEARRE )

demonstrate the syst2a's ability <o t-ack resonances uazder

- aw

conditions of varying temperaturs.

3. gynthesizag/Pinction Ss3ercator HP332s5A

The HP33252 has a frajuancy range froa 1 microkertz i

to 20 wmegahertz wita a rasolution of up %o elaven digits.

o bt i e n

The peak to peak doSutput amplitude can be se*+t from one

miillivolt to ten volts. It is fully programmable via the

R s A i

1 Y
] HPIB and was so utilized in this applica<isa. The execution 1
i time for a frequeacy comaand via <*‘he bus is 7.0 asec plus

@

3 17
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2.8 msec for each digit plus 2.3 nmsec for a decimal plus
12.5 msec for each delimiter. The exscutior +time for
amplitude is 6.8 msec plus 2.3 asec for asach digi+ plus 2.8
msec for a1 decimal plas 13.0 1s2c for a deliamiter.
Y. Data AcguisiiiondSopisal Unit HP34IZA

The HP34I7A sas utilizzd as a vdol4meter in this
appliica*:ion. It rasaived an 211l0g voltaga level froa the
lock-in analyzer which was proosrtiornal =5 the full scale
meter Jdeflection aal convert2l it int> HPIB coapatible
sigrals to be +ransmit%ed “o +a12 HP-8S, It was coapla=ely
prcgram controlled, sampling and serndiag only whsn so
directed by the HP-85.

5. 686 Lock=iz Apalyze:r ¥23el 5204

Bacause *h2 5204 was 21>t HPIB <coapa+tibla, lasired
functions had to o2 manually controllied vics proqram
controlled. This included chanjy2s %o full-scale sensitivity
and time constants. It raczived a phasa rafesrance
synchroniza+ion signal from ths HP3325A aad the data signai
from the resonator. Through vactor manipulation it outputs
“+he square root of tha2 sua 9f the squares >f the inphase and
quadrature cosponants of the amplifisd signal <t <he

HP3U97A,

18
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6. PRower Aspliljar HRU67A ipnd Signal Aaplifier HpR465A

These wer2 oSrdinary amplifiers insarced in +he
system to grovide siynal gain. The HPUS7A was s3« for a
voltage gain of “wd> t> driva *a12 resomna+dr whila +ha HPUESA
provided a gqain of +2) 4B for ta2 outpu*t from th2 resonator.

7. Intelligent 3raphics 2ristsr HP26734

The HP2673A4 »2rirts bi-lirectionally at “he rate of
120 charaztars per s2cond with 2 7 I 11 doc matrix character
font in a 9 X 15 character c2ll wi<h +twslve character sets
to choose from and three mcdes >f formattiag, This printar
wvas utilized 2o obtain standazd sized paper output vics the
swail sized thermal printer outpur ¢f th2 HP-85. It was
utilized in the fully projgram controlled mode.

3. Grarpbics Rlotzer iR74703

The HPT47)A was utilizszd tc produce2 +the high
resolution and excellent quality graphs includasd in <his
report and sui*ablz: for opublicatior. It is a twd pen
plotter capable of wutilizing up ¢to tea colors <through
programmed stops. It has a <caaracter plotting speed of up
to six characters p2r sesond i1 any of <five character se:s
with <t2xt written in any 3irection, with or without

character slant, anl in varyiny sizes. it was utilized in

19
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the fully programmed aode via “h2 HPIB, one of its nicest
features is the ability to d2fine the plotting area, =zhus
giving the operator tae capability of enlarging or shriaking
the output size as d:sired. All €igures in this thesis were
prcduced on this piecs of squipaant. It is to be noted that
although these figurss ar3 actu:l system dutputs or replicas
of sys*em outputs, th2y ware 2sollsct2d ovar 2 period of time
which involved several experiazi:s. Thus, ecach individual
variable may not 2xas%tly coincids in vaiu2 frem figure to
figure since param2ters such as <temperaturse, dzive
aaplitulde, full scala sensitivity, time constants, fregqusncy
baaé, etc., all affect 2oach vaciable 213 were possibly
different for the {ijures shown.
9. ZThermiszor

The <thermistd>r wutiiiza2l in +his seot up is an
HP-0837-0164 resistive type with a range of -80 degrees
Celisius *o0 150 degr23s Calsius with an accuracy c¢f plus or
minus 6 degrees Celsius f>r <he range of -75 degreses Ca2lsius
to 130 degrees Celsias. Bacaasd the ctemperature was only
beirg utilized as an 3indicatdor of change, it was not
necessary to measur3 this jaantity accurately €for ¢his

axperiment. Thus, the a>st conveaient means of

2)




accomplishirg the 3asired :task was utiliza2id. The theraistor
kas a nominal resistance >f 533) ohms at 25 degrees Calsius
rising to 3.684 Mohms at =80 d:zgrees Celsius and falling to
92.7 chms at 150 degr2es Celsias.
10. Resorator

A detailed schematic reprasentatisan of ths resonater
utilized to tast thes system is shown ir Figurs 2 (Ref. 2]
Alttough this system zan be atilized wi+h any rsscrator, a
description of the on2 actually used will be given.

The resonatd>r is 2 cylindrical brass cavis with
diameter and length =jual to 2.54 cn. The ends are capped
by simple electret “ransducars. A small slot (0.16cm X

1.6cm) at the cylindsr midplazz 2xists ¢to allow gas to =n<er

fo 1

apnd leave the resonat>r (2 heliim cecovery line) as utilize
in aznother applicatiosn [R2f. 2].

A permanently polariz2i 12 nwmicron thick disk of
teflon (the electrat), aluainized on orne side, is
electrostatically hald against a sand blasted metal
electrode, vhich foras the 3lactrically active elament in
theé resonator, whils *h2 aluaminized siis is connectzd %o

greund.
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The use of pr2-charged =2lectzet material eliminates

the need for biag supplizs ordinarily pres=nt in

The zolored-in circles
i

conventional capacitive *ransiacars.

in the €figure are o-rings ua+tilized ia assembling <he

resonator tc¢ proviis a1 gas tight seal,

L 2P

ey 4




OGRAY EXPLANATION

A simplified £low <chart »>f the program is shown in
Ffigure 3. A Dbrief overview of =he flow will be given
followed by a2 dascription of tha individual blocks. !

-

The opezator inputs an upo2ar and lowsr fzequsncy, a

S b -

drive amplii+-ude and 3 *ime 2das%zn-. This *“ime cons=an%

will pe discussed lat2r, Dut it also ne=2ds to be sg< = =<he

ct

lock=-inx analyzer as w21l as encz2r2d ipto “h2 compu=er. Ehis'
then constikutes th2 input to 'Search!'. In 'Seacch', a:z
approximate cen*er I-agueacy anil amplituds is displaved €or
all rssonances within <he fr23usncy bani entered. The

desic=2d mcedes are cadsen by <22 osperater and carzisd iaso

'Sor+*. 2 'Sort' 2ach 9f ths nmodes is rzazasured and =hen

refined via a Iive point fi: :-outine which resul:s iz arp

output of center <fIraquency, maximum =2mplitude, quality

factor, 23nd bardwidith. 4 nz¢ “ime constant is deteramined

ard all are carried into 'Ma2asirse!, In 'Measure', 2 more

accura+te center fIraquancy, maxiazum amplituds and Q are found

for each mode. Thess *hsn go into 'Raviane' wh3re “h2ay are

refined to a igh srecisison by 2 modified Chi-sgyuarad

minimization algoritha. The las*® step is 'Track' whars each

of the modes 1s contiaually chzckad as well as +he cescnazor

n
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————

temperature until a <change in any resonant amplitude 2f 10
percent or 2 diffsrernce in tsmperaturs of 0.2 degrees
Celsius is detected at which time +he program loops back
irto 'Measure' and rapeats thes rCoutine.

It 4is appropriate, at this <%ime, tc state <hat

throughout <he program, 32:ny svystam 2quipm2nt Zesponse :times

(as aentioned in Chapter In rnecessary for da*ta

transfer/acquisition are alilowszl =c elaps:s through +h2 us2

W

of WXIT statements prior to saapling any given rasponse.

A. INPUT

The operator salects a star: frequedcy and an end
frequency to defina the frsguerncy spectrum tTo be
investigated. also, a driv2 2mpli<ude and amaximum icive
ampli<ude are selscc2d, whizh can be any value up *o axd
including 3500 millivolts {(limit °f the HP3 3254
Synthesizar /Function Generata:). Two amplitudes are
selected because 1iatsr in the program ths drive ampli=zude
will automatically increment ar dzcrament the value in order
to keep the lock-in output in i<s midrange. The saccend
value (max. drive) is 3 da3fault value adopted should the

program attempt to exceed it while increaenting the drive

amplitude. PFinally, 2 tiae constant (tau) is selacted. The

26
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lock-in analyzer divides the spactrum into 256 regions and

inteqrates over each. The program calculates a maximaum +*au

by
T = 256/4% (Eypned Tiomer)

ir order that thers is nct 3a space between regions ani zhas

“ke sensitivity over the region be rnearly fla:. This value

§o

€ a maximum such *hat th=z Speratcr selacts a valye
availlable on the lock-in analyzsr which is equal to or less
than this and enters the valusz s2t on the lock-in, in%s <+he

ccmputer.

B. SZARCH

The £requerncy c2nge is 3ivided ZInpto 256 ovar4s as
mertionasd above. 23ch of %has2 ZSreqguencias is ssernt via <he
HEIE f£rom the HP-85 t> *hes HP3325A and a ra2sonator amplituia
value for each of these frequencias is obtained by the 4P-85
Zrom “he HP3W97A via the HPIB. There is a programmed 1elay
(FAITY of 4 tau betw2en the s2nding of 2 frequency ani :the
sampling of its amplitude in osriar %5 allow the resona+tsc to
attain at least 98 percant of 3its steady state value as

deterained by 4he lock-in in%a2graticn ¢tiae. The choice of

256 regions was dictated by thz horizontal rasd>lutiosn >f %he

27




HP-65's CRT display. Thase 255 values are then plotted on
the CRT with the option of a hardcopy printout from the
HP7470A as in Figur2 4. This graphically displays where
each of the resonanca moles within the spacified frequszncy

interval is locatel.

(44

can be szer +*hat not caly ar2 the

e

From Figure 4,
responses from <hre2 major plais wave moies display=2d bu+s
also those of sevaral other (2zimuthal, raiial, 2 xei)

modes. It is possibla *o conc2aizat2 on aay mods displayed.

h

"
W
in
f=

old rala4ive ampli<ude

o

Af+*er the cpsrator a2antars a
value, the comput2r providss a printour on its tharmal
prirter 1listing alli amplituiss aad their associated
fraquencies which 2qual or exce2ed ¢his thrashcld valus (see
Tabie 2 in Chapter [V for printout). If the operator is
satisfi2d with thz oatput, thazn the plot and <+he thacmal
printout are utiliz23i to input co 'Sort!' the approximate
center fraquency and bandwidth for each desired acie. If
the operator is not satisfiel, ~he prograam loops bazk to
‘Input', newv parametirs are chosan, 2and th2 process rapea*s

itself.
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C. SORT

The purpose of 'Sort' is t95 identify €or <he coaputer
the modes ¢to be invastigated and +o obtain nreasonable”
values of center fraquency, aaxiaum amplisude, and gualis
factor for each desira2d mode. "Rzasonabla", in this case,
is defined as sufficiantly acsurate to allow these obtained
values o be automaztizally contsslled in 'd2zsure'. Thais is

achievad by <%h=2 op2ra+or input:ing a canter frequeacy and

w
(o)

bandwidch fo- sech 1od @sicz1 +to be wdrkz4 upon. As

t*
L)

cornfigured, up %o nias

2izs ¢ 22 selectzd. Howewsr, this

w
2

[ }]

l1imi%+ can be ircreas:z1 czhrough a program/diamension change %o

th

whatever number is dasirei. ¥ins was chcssn as a matt2: o
conveniance tc simplify mamory managemens.

In this por*ion, the baniwiith of each mode is divijed
into one hundred (an arbitrary numbe: which gave sufficient
resolution) equal frequency staps which are indiviiually
sent and their respa2stiv2 amplitudes collzcted in the same
manner as in search.

Once again, 1 plot is 3e2a2rated on the CRT with <%he
option for a hard copy (Figura 5). If the operatsr is not
satisfied with the »>i1tput, <ch2a *the program 1ioops back %o

the start of 'Sort' and new iipu:s are sctered. If the

e i e A e e DN
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operator i3 satisfiagd, the pregrzm finds <+he a@aximum
appiitude and i+s corresponding frequency center
frequerncy) . This i5 accomplish2d by examining the value of
trke amplitude of =2ach of <ths one hunired points and
selecting the one whizh is gr2at2st. The 2mplitude value of
the 3 3B down points is +han <£ound from this maxiamam
amoiitude. The program again scrts <hrcugh 21l of the points
and finds the clossst “bracketiag" points %9 +his calcula<«ed
3 3B down pcint. A linz2ar intarpolation is then utilized %o
calculate +*he corrzspording £{rszquency £or the calculatsd
3 éB down awmplituds point. J€ zourse <+his precsss occurs
twic2 since thers is both an i1oper frejusncy anéd a3 lower
frequency for the 3 38 down amplitude valuz. This process
constitutes the "fivs pcinz fizn,

From these values, a guality fac<or is calculated which
is equal to the centar frequancy divided by the diffarence
of the upper and lowar 3 dB Jowa f£r=2quencies. This value,
as well as <+the centsr fr:zqueacy 22d wmaxiaum amplitude, is
output to the HP-35 theraal printer (sesa Table 2 of
Chapter IV for printoat).

This procedure is repeatei for each of the remaining

modes. PFigures 6 ani 7 are the plot+ter onutputs of the other

32
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two normal modes investigated in this example. Figure 8 is
an example of one possible reason for desiring td request 2
new input (wrong =zseater frequ2acy). In this cass, i+ is
possible that one of the 3 dB 3iown points cculd not ba found
from the'data (cut of rangs). Prca this araph, <he opara<%or
wcuid obviously eithsr <chooss 2 rnew czn*er fregiency isput
or inc-ease +he banleidth such that <h2 3 35 3dcwn peint

would cceur in <hs Jata.

D. NEW TAU

In *hais bleck, *tazee things cccur. Firse, & n2d4 *“iae
conszant is found. This 4ims z3nsg*ant is the acoustic +ime

ccnstant required for each point <o attain 63 percent 2f its
stzady staze valua. This Is in aralosgy with the =inme
corstan* required for a capaci:zaor in an szlectrical circuit
to charge up to its full valu=. Tke acous:ic ¢time cons<ant
for each mode is fouril by dividing =<he QJ ior the mode by PI
times the center frsjuercy of the mode. Because of <he
manrer in which Q is founi, this equazes to dividirg onz2 by
PI “imes <the differance of th: 3 4B dcwn upper and lower
frequenciss. After calcula“iny “he +time zenstant required
for each mode, th2 12v systea time constant selacted is the
greatest one requiral, thus iasuring <hat the worst case is

adequately cover<d.

AT ey
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Second, the background noiss level is de<erainred by the
foliowing method. The synthssizsr outputs a frequency off
resonance into <th2 casonator and the lock-in aralyzar is
sampled one hundred tiames. The mear and the standard
deviation of this s2¢t of measucszaen“s is calculated. The
stardard deviation is equatel t> the ncisz of the sys<enm.
It 1is utilized 1lazar in datsraiaiang *he signal to noise

-«

is 2lso u+ilized in the

Q
1S o
a
(¥}
[« 1}
[(1]
.
[X]
W

(SNR) ratic for =22
calcuiation of <hs thizd item 5f <his blozk which will be
described next.

The final (thircd) izem is <ha 2xzmination 93 each mode

to é2tarmir

(1]

*he maxiaum 2umbsr 2% points waich car be taksn
wistcut naving the piyssibilicy 3£ <L2 zmplicude value 2f +wc
adjacent points being equal or ia the worst case invar=ting

positica due to assd>ciated ancsrtaintias or rapdom systenm

(1]

ncise, If the fraqaancy st=p sizz ( Afy is large enosugh,

thern

AA = Amax - A(£2+Af)

can be chosen so that tha 1inversion will not occur.

Assuming a Rayleigh 1istributisn lineshape then

37
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A(E) =

A/Q

Rep.acing f with (fo ¢ Af) 32n1i

equa=iocn is

™
\\*».'_ﬂ“. Py

For the system descroioed, 24 poin

frequency range of 2 BW aLnsrs )

following equa+ion rasults:

2¢Q = 2 Af/3W
ard, <hat quantity sjuarad is <<

cy A

A

38

2
AA L 2(cq)?- 2(9—f>
A

1

Therefore,

176 < 1

1. Expanding and dividing

-

¢ X

~hs

L L




j If A is chosen to be some number of standard deviations, ¢ ,

beésed upon +he rnoise neasuremsnt, <then

where 9/ is 1/S¥2 (sigral-to-20ise razic). Now, Afis

fcurd <o be

P ————

2(SNR) Q

wakzn in 2 BW <then

n
ct
22
4]
]
=
=]
o]
1]
L]
O
th
e
[}
. +
()
14
0n
ot
(V]
o
[{1)

2 BW 2 f, 8(SNR)
= =
Af QAf N

If +he probability of uan inversion, as dsscribed above, is

set a+ 0.t percent, then ¥ = 3.3 based upon a stapdard

dis<ribution curve. It is worth noting 2t this point%t, <hat

»

the probability cof iaversion away Z-om maxiaum is everywhers
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icwer until +he signal 1lav2l is or tae order of the
backgrcund noise. Otilizing the 0.1 psrcent criteris,
I <= 1,56%¥SQR(SN’). This nuambar (I) is output <o the HP=-85
thermal printer. Th2 precgram thep defaults to +wenty-four
poirts as a @minimunm. This value was basa2d upon a
calculaticn from <th2 Nyquist sampling race. The minimunm
from the Nyquist sampling rata (in integer value) wouald be
thoee; bu* it Iis Jenerally z2greed upon in engineering

app_icztions that a facter of threse or fzur is requirszd in

ocder %5 cptain 1 satisifactory csproductisn of <thz signal.
At =his point *he saziwidth #2335 doubled t> irsure inciusion
of <+the 3 d down points 2rd thus the 1inimua number of

d 2i4. For this chcica <the

W

peints ob+tained 2yuall
Tequirsamert that aa ifaversior d1: to noise nas a2 probabiliity
of 0.1 percent or lass raquirss the SNR t9 equzl or axceed
237 (+47.5 dB) .

The system has workad wn3n +he indicated number ¢f
points was as low 2s 10 (still 312faul<ing %2 a choice of 24)
but occasionally jave £2ulty valuss due tc the reasons

iscussed atove. Alt hough it 1i3 not always happen, it is

reccamended <that whanever the indicated number of points

falls below 24, eithzr ths SNR is improved (increase drive

40




ampiitude, etc.) or the moiz is nct suitable fer fursher
irvestigation. A sample of ti2 =harmal output format for
+au, no9ise and nemo2r of paiats, is showrn 4in Tabls 2,

Chapter 1IV.

E. MZASURZ

Zach resonarnce 121e has a £frequency band calculat2l for
it Ir 'Measure'. This band is twice the band defined by the
3 43 down barndwiica. Also, the relative value of <the

ampiitude for the center fregusicy is evaluzted %0 ascertain

)t

the need <for adjustasnt in cthz d-ive amplituds. This is
achieved by driving :“he rasona2td>r at the z2iter frequency of
each mode znd sampling the 2aplitude value. If ic is
between 0.3 and 0.35 as wm2asi1z=4d oa =<hz Daza Acguisitorn

System, *hen 10 3ijustaznz I it is not

.-‘.
w
te]
i}
Q
\D
Ui
n
N
3]
~
.

Ui

within <these 1limits, it zi«her 43doubled <cr halved

o

depending upon whethar it was above or below +“he limits.

This new value is again tested in the abov2 manaer unzil it
is eizher within =h2 linzits »>r has exceeded vhe maximum
drive aaplitude whizh was sat back iz 'Input?. T£ <his
happens (exceeding), “han th2 system defauits *o <th2 set

value of maximum Icive ampli:ude. This adjustaent is

necessary beause tha full scila sensitivity se*+irg on ¢he




lock-in analyzer is a manual crathar than computer contrdlled

function.

In '"Measure' th2 resonator amplitudes are obtained in
the same manner (frejsency s2nt--amplituds measured) as ip
'Sort?!, only +this time, twanty-four £rszjaencizs vice one

hundraed arz2 utilizzd and =hz2 'JAIT' bsezomes 12 +au which

allows *hs sys<em to reach w2:tzln 6 prm 2f “he s+teady sczaze

vaine o fuliy urilizs <th2 5 1/2 digi< A-=>5-0 conversisn of
ths H?2 4397 (as =2«31ain=2d privi-usly 2% <the =2nd of 'NEW
TAUY). Once the data ar2 collac=ed, <h2 following ssvan
pcirn< i+ is applizd. The mzxiaum aaplicude poin= ani +«he
closest adjacent poiats 9n 2ithzr sidz of it are us2d to
define a parabolic zurvse. Th: maximum ampiisude 9% <his .

parabola and the corresponding zsan<er frequsancy ace found hy

setting the first desrivativa of *h2 amplitude with ra2spect

to frequency to zero. Solutisa oI the resul-ing equations

ard subsequent imsertiocn of thz solution into =he original

equation yields 2 auanique 1mariamum amplitude 2aad zczn<er

frequency. This amplitude i3 +hen atilized in  <he

calculation o9f tha 3 dB dsowa amplitudes. Frequencias

corresponding %o tha 3dB down points are then founi by

linear interpolation in tha same @mann3c as previously
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described in t*Sort°’. A new Juality factor is calculated

utilizing these new frejuencias anrd all three of these
values; Q, wmaximum 2mplitud2 and center frequency aca sent

intc 'Ravige'.

P. RAVIUE

th

The values for makimum ampli<ude, c=sates €rsquency and

0
th
ot

quaiity fac*or 22t2rained Dby %hs zeven poiat it dasccidbagd
in +he previous section ('Me2asurs') are substaatlally aore
precise than thos2 25ssible using conventional techaiques
emp_oying a wave analyzer or spactrium anialyzer under manual
control. However, <he high spe2d numsrical procassing
ability of <%he digi:zal computar allews 2 r2atly expanded
tree*asnt of the 3ata for saly a ainimal iavestaent in
actual processing tim2.

Implicit in th2 assignaesat 5f A (amplituds), ‘o
(frequency) , and Q (quality factor) as <hs three params=zers
which characterize a —resonances line shipe (as is done
“hroughout <this “hasis) is t+he assuaption £ha+ the

ampiitude, as a function of fra3usncy, nhear rasonance can be

described by:

43




A(fn) = a/Q[(fn/fo-f3/En)2 + (1/Q) 2%

where : A(fn) is th2 resd>nanse lineshape
A is the calculated maximum amplitude
Q is the calculated juality factor
fo is the calculated c2ater frequsacy
fn is *he m2asursd fr=jusncy (2¢ per modsz)

Usirg all! twenty-four points, it is possible *o ob%ain +hs
sun of the squares of dsviations of tha 3aza from the

rescnance lineshape 12firsd by a particular choice of 4, fo

and Q as:
24 i
S2(a,fo,Q = E [An - A (£3)) 2
n=1
whers An is the measuared amplitids of ¢he n(th) datz point g

and A(fn) is as abova,

Conventional data asnalysis <hen accepts the M"hest

choice" for a, Q, and £o as that which causes 52 +o be 2a

piximum [Ref. 3]. This miniaization for a1 linear func<ion

is a straight <forward algebraic process. However, arn

analytic least squar2 fit to a aon-linear function caguices

matrix inversions. This, in tucn, not only requires large

blocks of memory and computer tias, but als> can easily lead

to errors due tc in«2crnal rouni-off or trunca<ion of iigits

wizhin the computar [Ref. 4]. For thase reasons, the
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foliowing method was devised 2ad utilizsl for each of +he
resonant modes being investigata23l., Briefly, S2 was computed
for small wvariations in A, > and Q as well as for the
originally computed values Zor these terms frem the seven

poirt f£it. These S2 terns were :hern utilized in a parabolic

£i+ ip an attempt to f£ind thos2 values of A, £o, and Q which
wculd cause S2 to be 32 minimunm, Because tn=2 results of the
seven poin<t £i+t wer2 alrsady 3Juite good, the procelure,
briefly described above and 2xpanded upon in +h2 ramainder

of this s

o

c+tiosn, <coaverges vzcy capidly to an astonishingly
high degree of precision. Tals precision will be analyzed

and discussed in d=243il in Chaptzr V.

For the remainder of this paper, +h2 sum cf *hs sjyuaces
of deviation (S2y «ill be refa2rread <%¢c 33 tie C-G wvalus,

which was chosen for historical rsasons.
One at a time, eazh of +hs three paramaters (A, £25, Q)

in the ressonarce lineshape (A(£fn)) are varied. The

following is an example to clarify this process.

LR

Pirst the C-G tera for tha salculated 3 is found. Now Q t

P

is varied by +0.5 paccent and 2a second C-5 term is found.

1
.l Finally, 2 is variad by =-).5 psrcsnt and a third C-G term is

found. These thre2 C~G ta2rms 2.2 used to 3define a parabolic




curve (Pigure 9) and a new wvalus for Q which minimizess the
C-G term is fourd.

This new valu2 >f 2 replac2s that found in <the seven
point fit and becomss th2 naw value to b2 inserted in <+he
rescnance lineshape. Tais tinz, however, A is “he variable
+0o be adjusted. Ji1st as oczcurr2d with 2, C=-G <terms are
fourd for A, A ¢+ 0.23A4A, ard A - 0.2%A. Again, =hese C-G
terms are u+*ilized in a paraoolic curve aminimizatioa and a2
new value fcr A is ob+aiped whizh now replaces ¢the A found
in the seven point fit. Finally “hese new values of Q and a

are utilized to determin2 a nzw £> in <he same manner. This

th

ccmpletes one i<2racion o thz process and thus provides

o
ct
W

*hes2 new values »>f 2, £f2, a23 A for *the nex*: iteratior.

Each iteration refinss %he pracision of th: values cf 3, fo,

m

and A and provilss this na2w set of values f£o5r the nex*
iteration. This process is repeat=3 until the next
iteration contributss a negligibly small variation in the
C-G value (Ref. 3]

In the actual program utilizsd4, the +orms were variai in
exactly the ordar describ2d because in the relazive
precision of the taras, Q was ta2 least pracisely known t:srm

(historically, this is aliways %rue). Since this was the
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case, varying it £irst resultz24 in <he graatest effect. The

T was obviously <he

(X8

rnex: lcwest precisiosa term was A, so
next choice to be varied. Finally, £o, which was ac+=ually

well known, was variagd. Becais2 of +he relati

<

e precision
ir Q, A, and fo ths wvariatiois were achitrarily chosen a*

the indicated valuss (0.5% 2% 3, 0.2% ¢f£ &, and 0.005% cof

th
'.‘
w
O
s
w
12

BW), as a matter of axperienc: sinc2 th2asz2 valuegs re!

1
a sufficiernt varia<«isoa for 2hz 'RAVINZI' technrnique t5 be |
effeceive. The bettsr +he 3ppraximations for Q, &, ani fo 7

put in<o 'RAVINE', <h: smaller “hzse valnzs can be mnads.
Upen cempletion cf +=hs final <Zi<sration {(pzogranm

dependsn*) the =<hres n1=west values for 2, fo, and 3 ace

utiZizad o Zind 2 final T-5 %322 which i3 <than printzd on

the system printer aij s+«ored 531 2 data “ape. Tnis C=-3 =erm
is related to Chi-sjuarad ari may thzrefcre be ussi *o
determine the "goodnass 5f €£it" [Ref. 3]. At +this time,
other paranmeters anl wvarifabiss are als> printed on <the
systea prfnter anl stored a the data +ape time,
“emperature, pressur?, moie nuao=r, fo, A4, Q, SHR, drive
amplitude, sequential data taps item number, and C-G Ravine
value). These will be 3iscussed at the 2nd of Chaptar IV

and a sample output will bes shown (Table 1).




If there are 2adii¢icnal 25i3s <o be avaluated, theon a
loop is made back to '"Measur:' ard ths nex:t mode is
evaluated in th2 sane manner as Jdescribed above. Open
completion cf the £iaal mod= t> be evaluated, <thz progranm

shifts in*o 'Track'.

G. TRACK

In this por*icn %“ae cuczcsz2tly measur=3 amplitués of =ach
mode is compared with the mzasura valu2 cb<tained 3ucing
'Measuset, IZ <h2 wvalue J3ifZ=rs by +/- 10 psrceat

indicating a changy2 in sd>me 2xt=srrnal paraaster), <h2n <he

program loops back > 'Measura2' %42 find <hs a2w Q, A, and ‘o

£or =ach mode. Als>, the <t=smperature 2f <=hz rasona=s: ig
measused and I a2 3iZferanca of (.20 Jde23rzes Celsius is
fourd =hen <he systesn Te=urns to 'Measurs'. If nei*har +hs

amp.itude nor the tesmperaturs has met the criteria necessary
to return the systsm to 'Measura', then thsz *'Track! sactien
ccntinually l1oops <carouyh itsalf until =zither cf these
riteria is met. Th2 system r22ains in 2his endless loop of
'Measure’, ‘'Ravine', and *Track' until ths cpara*or causes
the systza to hals, “he 3sta overflows <+he available
storage space on tha daca taps (850 1w>3e zrneries) or a

catastzophic system failu

”

e occurs (loss >f power, 2%tcC.).
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The preferable meth>l cf stoppage 1is <o util:

)
N
®

a 'PAUSE!
command frem +he c=omputer k:zyboa-l siaze +his enaples
continuation or pr:;:ah restart as desic=4. It is to be
ncted <ha*t any kaybdard action will rcssult in a halt,
This, as well as any of +ke other msn*icped halts (sxcept
'PAUSE') mays/will rejiire rs-15ading <the program irto mamcry

prier %o re=-runningy %he systan.
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1v.

In order t¢c test +he

stated quantities ani *o track

external parameter was varisi, 2an air filied
cocled irp a liguii nitrogen bvath. This

i

1
for i<s simplicity 213 beczuss :h2 variation

i with +=mperazure for an ids

W

1 gas is

rescnatdr was piacad 4in 3 Dewar Zflask =2nd

t0 measur?:

+he

ag some

rasonator was

system was choser

d speed

The

2 small Juantisy

| cf Ziquid nitrogsn was In+rsdiced o c©oo5l the resScCLitor.
| . . <
Crnce =he tTempeTatur? sStajzilizszi, Th& CoRputer sysIam vas
ac-iva*ed and <he lowest thr2e: plans-wava2 [zsonance mnodes
were +racked as <ta: syst:n w=z2:Imad,. This trzcking 224
ceccrding ¢f£ 3a+a proceedazd anassistad by the opezatsc £2¢

approximazely tWenty-+-wo hourcs. Azt

the resonatcr had r2ached o

Q

® -“smpeTatur:

: was halted. The was =zxamined a1ad

pcintoucz

vas utiiized o produce PFiguc=zs 1)

o

plotter to demonstrat2 +hs utility of <%h

Pigure 10 shews 1 poin*t by ooint plot of

(X0

degrees Kalvin versus time i3 s=2conds.

*he curve begins ¢o appsar 1s a

irdividual roints bezdme too

<he 2231 of

angd

syste

this pariofd,
=he procsss
*hs Jata tape

<hrough 14 cn the sys+2n




L , e

visually 3istinguish23 in the plot. This likewise occurs at

varying places im tha otker <fijares, 3ls>, in Figurz 10,
there is a slight dip at tha bzginning of the curve because

the system wvwas activated as *=hs <“emperature was s<ill

w
W
“
Ea
(]
n
2]
H
..l.
[&]
w
2
[t
[}
(o]
<
o
L]

s1ightly decr=asing vics stabl

irdividually measur=23l tempsraturs, versus time. This plots
as a n=2arly straight lins whdsz slope is 2 measure 9f <hs

expcnential thezpal z2juilibrium =ias.

Figqurss 12, 13, and 1% show plots o

v

the squaz2 2

h
th
[ 4
5

ncrmalized <£frequencias of =azca wmods (E3/M#)2 versus tas

absclu=s teaperaturcs. For an 13zzl qas tness plcts should
be straigh+ lines. In a perfsct Zesona<dr, eaca suscassive
H rescrnant mode would 2e an sxazt mulsipls 2f +the first and

——

+he normalized fraqi=ncias woulld 1lie identically uapon one
anocther. In this =2xperiment node =w¢ is parallel %5 mode
; ore but slightly highaar ia normalized valuz while mode threse
1 lies diagonally in-between mode 512 and mois =wo. Bacause

the exact physical »oroper<tiss >f _he rcesonator itself ware

not being investigat2i, this was no* persusd fur-ikhker, The

Lo}
[+
[¢]
(e

sligh* curvature of the iinss {s prcbably due %o *the
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that «he tchermistor ioces rot indicate absolute temperature
exactly. The slop2 of the linss and the 1lengtk of the
resora*or could be utilized to deteramine the constants in
the ideal gas equatis’>a of state,

These figures (1) <thzough 1%) demonstrate a few Hf the
possibis means of 1isplaying ths da*a stoczd on <he tape,
It is intsndad tha+ future us2cs will Jdetermins what plots
are neaded and generate them 22cordingly. The precgram used
to preducz cn2s nf thsse plots from the data tape is inzluded
in Appendix 3.

To enumerate <what da%ta is availabl- on <he =aps,

w

197 parmittad in

partial reproduction (dot ma“rix osuitpus 3

n

thi thesis) c¢f =h2 system oprinter oustput £or ancther
experiment is shown in Tablz 1. The time shown i3 «the
average time a+ which the m2asuraments wsre taken. The

temperature is <tha2 iverajye at «hich time <+hs measurzments
were taken (in degyr22s Ca21lsius. The prsssure is s2t %0
zerzo because a varyiaj prassura vwas not to> be evaluatei, and
thus, 2 means of jetacting pressure was nd>« included in <+he
equipment setup. The next 20ty in thes ling is the aode

number for which tha data appliss, followed by +he final

ravined values for f>, A, ani ). The SNR is ob+aingi f-om
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the division of A by <he valus found for <the roise (as
explained in Chapter 1III). PThe next value on a normal
prictout would be the drive amplitude of tha sys<em followed
by the sejuentially iacresasiny namber of ths dz%a tape iiem.
These *wo items wers delated from +this figurs in orisr %o
cornfora to thesis requirsmants without reguiring pho%o
reductioz. The whol2 line constitutes ons da%z itam so fa:z
as the <ape limit of 350 1a=2 i:ams are concerned. However,
each i4zm in the 1liie is arn ctual separcates 2antry wizhico

each of the data itemss. The £i:2l en%ry iz the C-G *'Ravine!

Takl2 2 I1s a r2produc=isz =% *he cutdlat oi=ained from

+he HP-8S thermal printer 3Juring <hs course of an

experiment, For £far+ther amplification of each of +he
en+c-ies, *he reader is direc+2i %o Chapter III, sectiosns B,
C, 22ad D. The syst2m printar was u+iliza3 f£cr *+his figure

again because dot matrix outputs are no* permit=ed 3in zhis

thesis.

52




TABLE 2 SAMPLE GUTPUT OF HP-8S THERMAL PRINTER

.~ ———

AMPLITUDE IN VOLTS  FREQUENCY

. 01082875 6817.00
. 00829425 6898. 00
. 01056175 13768. 00
. 00820725 13848. 00
. 00828725 2040S. 00
. 01486300 20484. 00
. 02054900 20583. 00
. 01538075 20642. 00
. 00803400 20721.00 -

MODE L CENTER FREQ IS 6830 AND AMP [S .01813S5 Q [S 190.123117729
MODE 2 CENTER FREQ IS 13758 AND AMP [S .0127195 G [S 135, 493980736
MODE 3 CENTER FREQ IS 20S40 ANOD AMP [S .02531475 Q [S 194. 224445807

TIME CONST > = 8&.88082488511 NEW TIME CONST IS 10 g

The ssan is 000378581 Tha standard dav is 9. 7975285484E-7 i

NO. OF POINTS FOR MODE 1t IS 212 NO. CHOSEN IS 24
NO. OF POINTS FOR MODE 2 IS 177 NG. CHOSEN IS 24

NO. OF POINTS FOR MODE 3 [S 250 NO. CHOSEN IS 24
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V. SVALUATION AND REGOMMENDAIIONS

This section describes the 2m24%hod utilized %o da42raine
+he "gecodrass c¢f £it® and th2 <cesulting precision. The
precgram previously described was utilized in 2z steady szate
coréitisn (no variaticon of =¢-=3rzal parametars), i1lso,
'Ravine' was prograamed fo- fif<szen i4srz24isns per aoie,

wi=h a prinetou=s of the 2, 13, anl £ wvaluss for =each

P

térzation., In <his aanasr th2 chaage per iteration could bhs

evaluataed for each of the vazizoslss. As sta<ed praviously,
fRavina?' i1sg ccmplec2d (-G wirinmzzed) whan succassive
i#srcazicns oreduc: 3 aegligibls wvarizwion in the valus

obtained [ Ref. 3} Por 2 givsa sample run, ¢t3e varia<icn
between tha fourteenth and £ifts2ath itsration ((15-14) /15)
was approxismtely on2 in one millisn (moda 1) to ons in %en
million (mode 2) £5r 2, one in *w> millicn (mode 1) %> cne
in fif-een miilicn (mdde 3) for A, and osne in six billion
(node 1) to ore in on2 hundred thiry-sevea dilliecn (m2ds 2).
It Is avident “hat the <chanye per iteration is d=£fiani<ely

small and thus “he fif<teenth i+a2ration values were utilized

as a base linz for ti13 calculation c¢f precision o follow.

* -y
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TABLE 3 COMPARISON OF PRECISION OF [TERATIONS
MODE 1 MODE 2 MODE 3
Q Q Q
3rd/15th 1. 4E-3 8. 94E-5 1. 25E-4
Sth/15th 3.85E-4 3.31E-5 4.B4E-5
A A A
3rd/15¢h 4. 86E-4 2. 85E-5 3. 996-5
Sth/15th 1. 72E-4 1. 0SE-5 1. 47E-5
. F F F
|
| 3rd/15th 1. 20E-7 3. 82E-9 1. 54E-8
Sth/15th 4. 45E-8 1. 34E-9 5. 71E-9

a




el oraab i .

Zach C=-G ravinz valus for the thizd and fif+th itera=zion
was compared to ths base line to detsrminz the precision of
the systenm. Tris was accomplishsd by taking +he ratio of

the diZference of ta2 base liaz ard <hz iterzticn +=o thre

n

base line value. rabls 3 shsis th2 approxima+te (-onndei)
values obtained <for =2z2zh by add=z. Tals <cCspresants 13

ot

best/worst precision oI ons in an =hsusard/one ia  one
thcusand <for Q, 9% oxne iIa +aiz=y zhousarnds/one in  twc
+hcusand for A, 23ad orn=2 in thr2z hundzed aillicaszone 23 c:ona2
million for £fo <for the *hird icsracion. Ths oregqgram, &s
presented, steps a2Ztaer *he talicl i<erazion because each fall
ireravion regquirss 43 seconds 21 =az 4P=-85 2331 tha<w wzsz the
pein* <chdsen in <a2 precisisa/=zime +~rade-o0ff <oz =R

particular applicatinca. This 4ill Dbe furcher discussed at

“he end of this <chaptar. The ©results £for =hes <£{ifth
i+eration {in th2 same @A3n12T ace orne in =hizewy

+acusand/one in tar22 thousanl for- Q, ons iz one handred
thousand/>ne in five thousand f>r A, and 2n2 In £ive huzxdred
pillions/ one in <4wenty millicn fotr fou

recision has bea2n discusszl sirnce it is indzpendenz of

the <equipmsnt utiliza24. Accirzacy, on the cther hand,

54
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involves nct only +he pracision +c¢ which any Jiven
irst-ument measures as well 2s <that of the o>dverall systoam
but also the accuracy of each n2asurement and the accuracy
cf <the overall systam. For 2xampls, “his system will

meezsur< tha given value 5f <ch:z tamperasurs =0 wishin mors

“rarn five significans fijurss ba24ween =80 da2greses and 15¢
Jegrees CTeolsius, vy2t8, it is Jaly accuzazz 43 wishian  six

A. CONCLUSIONS AND REZCOMMZENDATIONS

The ability o0f <hls syst=n :5 ob*ain 23, a, 2248 €5 far

surpasses thpat of any mazual as4cacd. In 3id3i<izn, i+ allows
Ths c¢psra<cre <2 ozzform 3iii-ional func=ions as <hs
experimen+ pregrsssas, jozs 20t naks: trcanscriotion/

interpre+ation errors as 1s D23ssible/likeiy #ith manual
teccrding of data, Jives aighly vreproducible rT2sults
independent of the skill of +ths sperator, azd allows £2r <%he

r2sul*ing data “o be to ba easil

-~
R}
(3]
m

sen-24 ir a vazsisty of
fcrma«s in a very shoct pariol >f <ine.

It was originally intendei :thazt this comple<e svstau be
a prototype to then b2 transfsrr23 <o a syszem u+ilizing <%he

HP9836 rather <han <the HP-3S5, Hewevsr, <+he egquipaernt
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rrived too late to bs incorpori:iz=d., One aajor advantage of

t+he HP9836 is <that it has an

(1]

jat-to-on2 speed a2dvanctage

over the HP-35. Sp22d is th2

)
(U]

ason taat only “hree rather

§o

1

B

than five i*erations of 'Ravins' wsr2 ut z=4, Since each
mode =20k appreximataly 135 s2:552ds, 6.75 minutes elapsed

frcm the start of 'Maasurs', Y>3z 1, <wc the next star- of

*Measure', Mode 1. Obviously, k2 grszazcer the numbact 2%
acdies +the go2ater chz *ime rC=zyuiczid. This =ime Jifrfazance

cocu’d be 2 major probl=am IfZ <h: changing sxternal paTimatar
caucsed tne r2sorance 2f <the m@mol2s +c shifr significantiy sc

that the c2spcenms2 10 longsz €izted withia <he <chosarn

oardwid*n, Cre m2thod of ovazcomin =his would bH= =3
incorpcrate 2 prediction 5f =22 n2xt location baszd upon zhs
charge 2L “he parametsrT. This was 20t incorporaned In =his
prcgzam £or two ra22sd’as. 0Ons, it #as never necsssary in the
experiment un; and twe, ths shift <c thns HP9836 wi:zh i:s
speed 3dvanczag2 woull elimpinatz this lengthy “ime peziond (i+
ccull vperfera <wwsnty-four aonizs in +he same parisd i+

presan+ly takes for :ar=e).

Azozhers future change coull bHe %o werk in 'Ravine' for

n
h
[(¢]
(3]
ot
el
()]

«he first set of data while %aking ~he measuremen<

(3]
»
ot
'l.
(9]
oI
o
rn

T outoul

second set of data. This wouli be 2 btett

w
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computer time since thers ar2 currently vpericds when the
computsr is i3le (4AIT pericds and time constants).

3 Another improvem2pt would bz to rsplace the Llcck=~ir
ara’yzer with a compiter contr>llable model. This is, of

ccurse, a trade-off of prics varsus corvanienca/time since

; there is aprroximataly a two-td-ons Z2<ic in equipment cost. ¢

i Thire aze also ninercus <conpu=er prcgramming “echni jues
which couid short2n portions o0f =ha pregram 3. i/oc
assccizted rfun tinmes. One obvisus <changz would be %2 make

CET przsenzatiocns of 3Jraphs »otisral or, iZ the sys+=z2m urnder

<
[+
2
’. 4
w
o
'.J
U
ot
O

as+ Wwas already w2ll known, £ n2ke %hs sption 2
anter =he program a: the 'NEW TAU' point <tiaus eliminazing

~he need *0 es%*ablish +“he desizzl mode 3atz2, This was no%

rs

dcre in the presen-21i progzam siace i* will be u=ilized by a

variaty of users and zach will b= able/is 2ncouraged tc make

modiiications for sp2cifiz applicacions.




REZFERZNCE GUIDZ TO PROGRAM LISTiNG

Line Nos. D2scription
] 1 - 251 [Y2UT
| 276 - 640 SZaRcH
b 850 - 1630 3J1T
1691 - 1899 NIW TAU
19C0 - 2676 MZASURE
2€79 - 4997 RAVINE
49c¢8 - 5320 TRACK

R e VU




rﬁllllllll"'"""f"""f""""" -

1 DI¥ Fa4(Z00) ,813060),C(1c0)

2 CLEAR
g ? BRINIER IS 2
4 OUTEUT 722 ;"F4Me"
& CISF “KEMCVE PRCGEAM TAPE ANC ILSTALL CALA 1APE" ¢ EEE
14
6 CISPF "wHEN CCMFLETED, ENTER 1"
7 INEUT Y
8 IFf Y=1 THEw 9 ELSE CLEAF ¢ LEEP ¢ CC1C 2
J ERASZIAEE

L0 CREATE "DATA" ,bSU,00 ¢ FEwIWL

= 11 CLEAK ¢ EEEF ! 1ntiel set ug

! 12 SETTIME U,u

2l CISE "Enter lcwer rrec"

31 INPUT F1 |} lcwer frec

41 CLEAR & ELCLF

51 CISF "Enter Uugcter rreg”

ol InPUT FZ2 ! upger rrec

71 Ir Fe<=F1 ThHEN CLEAFE ¥ BE&F ¢ GUTIC 51
6l I=1/(4*((F<=-Fl)/256)) ! time ccnstant
9l CLZAK ¢ BEEEF

1G1 DISF "Set time ccnstant on 5204 et ";7T;" cr sneller”

’

111 DISF "when ccrnplete, enter value set (in rilli-sec)”

121 INPUT T1
131 I# T1>T*10Ce THEM CLEAR & 3EEF ¢ GCTIC 1C1 *
l4al CLEAR ¢ EERELF

L1 CISF "Enter amp C€f criving rre¢ in mv (=<Z%0C)EMS"
l6l DISP “CECIMAL VALUES ARE NOT PERMITTED"

171 INPUT A ! amp CIf freg

# 131 IF A>3500 THEN CLEAR ¢ BEEP ¢ GOTC 151

; léZ FOR u=1 TC 9

; 183 Ag(N)=A

f logé LEXT N

5 1$1 CLEAR @ EEEF ,

201 CISF "Enter largest value c¢f arp ever wesirea (=<:530

ormv RMS)"

{ 211 INPUT Al ! nmax tuture anp 4
' 221 IF Al>%%0u THEN CLEAR ¢ BEEP ¢ GCTC 201 i
: 230 ! these are tne values tc set up trne 2325

' 23l AS=vAL3 (A)

| 232 h2%="pn"
o 233 AZ$="MR"

i 240 CUTPUT 717 ;AZ$,A$,A3S

i 241 wAIT 20v

¥ 251 F:=CEIL((F2-Fl)/256) ! cmallest int >= banawiutn
g 252 | SEAKCH

i 253 | SEARCH

\ 254 ! SEARCH




26l ! next grcup sencs freg tc I325A, anc gets amp Lrch
34%7A
<68 CLEAR
270 DISP "1 em wecrking in SEARCH"
271 FOR N=0 TC 256
Z2¢l F4(i)=Fl+h*F3
202 ) F4(N) 1ls Lrec senc
<30 F4$=VALS(F4(N))
291 Els="HZI"
<92 iHe$="FR"
v OUlPUT 717 EZS,F4s,iLS
. 3lu WwAIT 4*TLl+1lud
12CG CULPUT 708 ;"vTi™
JIZ0 ENIER Tu69 3 oA (Dv)
IS0 BEAl o
- 351 ! E5 AL té AFE SC&LE FACICES

e - OE——

: IZZ CEEP

¥ oL Fisfl-.i*(Fa~F

- :7C Ec=r¢t.1*(E;-F
2e¢C GCLLAR & CLEAF

2S0 SCALL FS,Fe,~.1,1.2
aCu AaALIS G, lCC0,F1,r2
i 4iL YAxIs rl1,.1,~.1,1.2
‘ 41l FGE n=U 1C Z%o
4lz BLNUE
412 BELCT ra(l) ,A(N)
ele eXi i *
@12 LIZe "Ir ¥Cu Lelflrt A CCPY bBoZER 1, BLEEZ EO1ER 2", .
sy
4l9 INPUT ¥
«17 Ic Y=2 143EN 477
4lo GCLiAR ¢ CLEAR ¢ EEEF
41y CIS¥ "EwIER FIGUEE 3 TIC ££ PRINIZL"
! 220 IMPUL L§
1 ¢z] FLCTiE& IS 70(E
422 PEN 1 j

42 SCALE Fl-.1*(r2-Fl) ,F2+8¢0,=.2,L1.¢
4z4 XAXIS u,lulu,fl,rz

425 YAXIS Fl,.1,u, 1.4

426 FPEN 2

427 fUF w=y IC ZzSu

42& PENLP

425 PLCT £« (N) ,A(N)

I~ W)

q'L NEAT N

431 pPENULE w BN 1 ‘
432 LLIK C,SIN(¢ u) € PENUF i
437 FCR a=F1 1C F2 STEE 20LL & PEWLE {
4:4 “OVvE Xx,~.1:

435 Liebl vALS(X)

430 LAl A ¢ BLNUE
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456
277
«70
M=
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«Cu
sty
PAVRV]
£ig
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(ntnin
A e B
<

<

S5cu
550
¢C
£
Sev
5¢¢
GLy
ole
o<l
oIy
6:1
viZ
c4y
041
642
€43
650
9) "

et A . ———— i ——— t 4

LOIR U

fCE ¥=u 1C l.2 S1EEF
SOVE Fl-.ul*(Fze-F1l)
LAceLl vALS$(Y)

MEXL Y @ EENGE

LLIE € ¢ PENLP
+#CVE F1+3GCu,~-.21
Lecel "FEEwUENLCY Ihv ne”

LCIR U @ PENLP

SCVE Pl,-03

Légel "PLOUL Cr neléatilvi acelliivice vd Flbowozoacl (¢GLL
eCTeLr)"

LCIE C,8IN(YC) ¢ PELLF

SCVvE FL=.0s* (F2-rl),.:

Lécel "RELATIVE AcFPLITILLL”

LLIR L ¢ rENLE

#CVE ri+zuil,L,.2

LACEL "FICLRE "“;Ls

FINLE

PLCTIEER Is 1

CLEAR ¢ wifF

LISPE "LC yOu Qeslre Te IGLLN EXE Wil ClLLerent gara
ers”

CISe "[. sc enter 1, cti.erwlce enter 2"

ILPULL X

GCLoAR ¢ CLLAR ¢ ScEF

Ie ¥=1 1des 11

CISE MLrnter CeClLiich TCLlLT ICr émtaliuce (v o0 1.25°
INkPUT A4 I LECISICL £CINAG

CLEAR « JEEF . ‘

CISP “Erter ruil-cscale censitlvity setting LLCR tae
4 1n volits"

INFUT AS ) SELSITIVITY SETIING
FRILT "Amplituce 1n velte”;" Frecuency"
PRINT

FCER N=¢ IC 250

IF A(N)<A4 [hEN 03C

A () =AS*A (N)

eRINDI LEING 02l 3 A(L) ,£4(N)
IMAGE 1x,L.CLLCCCCC,luean ,EDELCELCD
NEAT v

FRINT LSING 612

I;AGE 3/

CLEAF ¢ CELEP

SCRT

SCET

SCR1

ISP "ECw NT&ahy KCCES WL yCu ceslre tc track (cdx CF

o oo 4= ome

71




ooU INPULT o ! NUMBER CF MCLES
o7V ECGF di=l TC M
¢8C CLEAR ¢ BEEP
69C DISP "wnat ls center rrey tor mcce ";n
700 INPUT (&) ! CENTER FREY
71 CLEAR ¥ g£EEP
720 DISF "wnet 1s rrecgwiatn rcr ncce "
7:0 DISP "MUST EE CREATER THAL “;Z*F3
74C INPUT C(NM) ! FREW—-wWIDTH

50 GEAT &
FJou CLEAR

76l ! FrChR 77y tC YoU 1& tNE€ L1rST KCUGIL try LCC
g (ECET)
776 FCI L=L IC »

Y
! £ IS Ew

77L CIsp "I au werking L1n SCAT rcr ncce ";L
Tel FOF N=C TIC luv

750 Fa(N)=i(L)=C(L)/c+-*C (L) /1uvey

olU F&r=vALS(F4 (b))

slu CUTPLUL 717 ;he$ b4 il
ozl wAIT Le*11l+luc
ol culetll 709 ;v
63l awAIT Sy
velU ENTER Tuy ;3 A(L)
Su LEal i
¢Sl LELP
coU GCLE2AR & CLEAFR
o706 SCALE ta(L)=.1*C (L) ,Fel(itu)+.1*C(L) ,~ol,i.2
¢b0 AAXIS o, C(L)/Llu,calu),ce(lul)
oSU YAXIS rwtv),.1,u0,l.2
sul FGE N=U 22 luu
v1lu PEnCE
€2C fLC1 F4(uw) ,A(N)
Y30 NEAT iv
v4C ~#CVE F4(U) ,~.1
941 LAl "#CLE ";L;" ";F6(G);" TC ";74(100)
v4g LISF "IF YCU wAMT A CCFY ENTER 1, &LSb ENYEE
P
743 INBUT Y
944 Ir Y¥=2 THEMN Y067
©45 GCLEAR ¢ CLEAR ¢ oLtEp
v4b CISE "EnIER FICUERE % TC 2E EEINTEL"
v47 INPUT LS
$54 FLCITER IS 70CE
955 PEN 1
YSeo SCALE Fd (U)=-.2*C(L) ,rée(1luC)+,.1*%C (L) ,~.3,1.3
937 aAXIS U, C(L)/Llu,f4(u) ,F5(1GL)
5S¢ YAXIS rd(u),.l,0,l.2
€S9 pPENL 2
teu FUR N=C¢ IC 1lUu
yoli PENLP

=t
m

m

n

HUREGE7. -~~~ 3




Cte PLCT Fa(N) ,A(N)

$03 huxT N :

9564 FLLUF @ PEN 1

voS LCLIE (,SIMN(SU)

v00 FOR X=Fe(U) TC F4(lLL) STEF C(L)/1C & pPENLF
€o7 SCVE X,-.1:Z

oo LALEL VALS(X)

09 MEAT X

Y70 LoIbh L & PENLP

¢ 7l FCR ¥=y TC 1.2 STk .1 ¢ FENCP
vie tOVE r4(C)=oLE=C (L),
$73 Lacel vaLs$(y)
€74 Nkal t
w35 LCIF L ¢ EBENUE
L7970 MCVE F4(u)+w.L* (L) ,-.21
77 LALEL "FREWUENCY In nu"
37¢ LLIF U ¢ FENUF
SS9y MCVE rd(u)=.1*C (L) ,-.*
sob LAEEL "rLCT Cr SfelATIvi A.¢LIIUCE vE ChEweilCr, CEE
"w,r
rx

$cl LCIF L,SIN(SC) ¢ PELLE

tbe oCVE J4(L)=-.17%C(L),.:

el LAcEL "FELATIVE AJrLIIULE ™

w4 LLIF L ¢ PERLP

scl wCvE Fa(U)+ . 1*o(L),1.2
teo LABEL "FIGURE "3L% ¢ ¥
¢c7 CLEAR ¢ Sicr

veo ISP "LL yll welit Te Cuwigi éhyCLlhg.
clee "

7ot INPUl Ye Cloda ¢ CLEP

esU Ir Y¥=2 'IdEN lZuu

Love LISF "Crarye sensitivity? thter 1 rcr yes,

"

1010 Iwarlwf Y& CLLAR ¢ EEEF

ivev IF ¥Y=2 L{iLi luby

luiv CLEAE ¢ SLEF

{v40 LISF "Znter new sensicivlity sSecting"

1S IaPUl A3

lvov CLEAR ¢ cCELRE

Lo7¢ VISP "Cnéarge rrecwilctu? Enter 1 rLcr yes, 2
Lvebl Lifuwi Y CLloeAr ¢ LEEFK

19l IF =2 Ikl llzy

Liltv CISF "Enter new rrecgwicco”

LILC ILEUWL G(L)

1lcv CLEAR ¢ LELEF

1130 2ISF "Cnenge center tre¢? Eliter | fcr yes,

”

-t
~
[§2]
-

L.tr ¢ PLOTIEFR I

—
[ ]
{n
[4)

1140 ILEUI Ye CLEAF & ZEERE
L12v IF ¥=2 [THEM 1lcG
Lloel CT1Sr "Enter new center rrec"

73

el TEr i,

< ICr rc

¢

1
rcr ac”

1
< Lcr nc




1170 Itwell + (L)

1leb UCLLlon o« CLEAR

liso GCIL 701

1121l ! Frcx l2du te ley( ls tne first try &t 4yetCliry Ccen
ter LLecC aru the

LZUu CLEAF & CULEFR

leVl CDISE "1 en wiIallg < ELE€G alfie w ool ECGRT nicee "L

’
12lv B8.,e1,E4,nl,02,62 ,nesy
leee S2,62=8¢
1o F2F w=l 1C iue
lewte If A(N)<A (&) 1ten lesu
Led]l IF A(w)#A(z) idfil. leed CLES laSu
Loz evluatl & (0)
1286 ao (L) =A (W)
izuL ro(L)=Fs ()
1270 n=n
lZOL. .-EA'I I
129¢ A7(L)=Ra(l)/5uila)
13¢u tilF w=y IC E

LEMCOIS OAT(L)=A(Y) Imel laln
Liev If A7 (L)<A(M) TmEle 1370
Lize I A(N)<Ed ©IbEL 143u

1L 2i=A(w)

L2230 i=i

l1ieu GUTC 1450

l:7¢ It A(w)oed TEEo iauu .
Licu dz=a ()

13sL L=

l4uL GOl laZu

lell Cl,Le=A{N)

l4cu El,22=0

le:0 F7=f4(n2)

ldqu GCIC 1la7v

laSu LEAl W

281 A= (AT(L)=El)/ (Ba=~cl)

l4dC Fi=a*(Fy(iic)~Fd (L) )+Fe(al)
1470 FCR N=d 1C Lol

idov IF AT (L)=A(M) THEN 1lSovu b

ieSy IF A7(L)>A(N) InEb 1S«uL B

L3ou IF A(N)>B: THEN 123

151y s3=A(4) |
tev dis=h

1520 GCTC 1620

134G IF A(N)<=E4 1HEN 137C
LZSu c£4=a (N)

LSCC H4=h

1570 GCIC loZC

l2c¢U E3,c4=A(N)

1550 n3 ,Hé=N

lotL Fo=F4(hl)




lélu GCTC lo4uy
162uv MeX1 &

lozl x (A/(L)-:e)/(53-£4)

io3y ~(R*(F4(H4)~Fa(H3)))+t' 4(h¢<)
l64( y(L)-rb(L)/(rh £7)

16Sv eRIliw "wCLE ";L;

leeu PFIGT "CENIEFR
l’\‘

lede PFINT "o IS ";¢ (L)

1671 CLEAR

167¢ FRINT LSILG lo73

lo7: IMACE &/

lécu 2EXT L

lo9L CLLAR ¢« GCLEAR

1661 £ISF "1 én werilrg Cor tine ccrnstenc”

169G ! Frcrm 1700 te 1740 tae lar4€£t Tine Ccrstarnt 1& ic
or.c

fFEG IS ";56(L) ;" AND ALP IS ";rel)*

L7uC FCR L=1 11C M

L7901l T(L)=  (L)/(F1*c o (i))
170c NEAXT L

L70S T=1(1)

l7lu FCk L=2 TC «

L7111 If T>1(L) TeEN 172U

Lile T=T(L)

1720 LEAT L

L750 CEEF & CLEAFR

1755 ¢FRINY "1IME COLST >= "j;u*lulu

17c¢ CI3P "Set ahu enter new Cire cScretarnt (in milli-sec
)N

1776 CISP "MUST BE GREATER Isan ";71;" sec"

1760 INeli X

1750 Tl=y

1791 CLEAR

1792 ERINT1 "NEw TIME CCAST IS ";T1

1793 PRINT USING 179

1794 IMACGE 4/

1798 ! MEASUKE

17% ! MEASUKE

1797 | MEREURE

17¢8 | YEASURE

179¢ LISP "1 am werkKing c¢n Stancarc wé€v, # ¢I Lts, & var
liance "

LECU ! Frer lebU tc le24 15 tne calc cr trhe noise, st, ¢
ev,, anc tre numcer Ct gts. Luseaq,

G,n=0
F=(Fo(z)-ro(l))/4+F6(1l)
FaS=vALS (F.)

LeGd CULFUT 717 ;hie$,Fas ,iils
loeGS wWAIT T1*12+10L0

leGo CULTEUT 7u9 "vil®

—
ccc
aar N —

2

o b e

P’




1207 WAIT 1uLCU

lévo FOF o=1 ‘1C 1lut

levy ENIER 709 3 A(K)

Lelu w=n+A (N)

lell HEXT N

lele nzn/l.UU

lel: FCF sl 1C 104

lelid S=(A(N)-w)"2

1l2lS G=G+&

lElo L\E.A.. i\

lol7 G=ai=SUR(G/Cy)

1ol& w=w*Aas

lcl® EBERINY "ine rean 1&g ";w

leeu EFRINY "1ne Stéehcare Cev iz
lecl FRINI LSING loze

loze IMACE a«/
lée3 FCR L=1 1
lesy I(L)=1l.0c
lo33 PRI " -C
leau IF I(L)<1
Lead I(L)=1ve
leSu IF I(L)>30 Tdie laodu

Less I(L)=%S4

1060 I(LY=IF(IL))

leol I(L)=<a

ledae PRINT "ANC. CHCSEN IS “;I1(L)
1cé3 ERING
lcoo LEXT L

lce7?7 CLEAR ¢ ZEZF

leed pPRING CLEING leonl

louvl IMAGE 4/

lécsS FRINTIER IS 701,132

loo7 LI rS[(<C]

léoo Fyp="C~G FAVINE"

levC PRINGT U IAG lecl ; "TIiE","1ELEP","EFES","M 3", ,"C, F
Ri'\.’",“A‘\.E." l! lls F" "C‘AL’VZP",".; PT" ,EQ

1691 [(~AGE QA.-A.QA bA.:‘:A,‘H&.EA OX ALK 44, 144,184,855,
' 5X,5A ,44X,4A,6X,1ul

Le©2 FRIN'Y JUSING 1let: ; "(SEC)","t C )", ,"(EZ)" ,"(vrag)",
" ‘nv)u

Leo: INMACE A ,4X,53 ,234,4A,1C04,c8 ,2U% ,47,/

levs PRINTER IS 2

1299 CLEAR

1%cu ! Frem 1900 tc 4%6U 1g tie celculaticn Lor the Teas
Ure inclucing center Lrec anc

(&}

C ¢
*ELR (Ao (L) *AS5,C)

e Of rCINLIS pCr J.CCE ";Lp" IS ";I (L)
su tidenN letu

LeCl IS=1
l1%02 FCR L=1 IC M
lyo: CISF "I M Iiv MEASURE FOR MCLE "L

1500 r1=F8(L)=Fb (L) /(L)
1967 re=sFe(L)+rfo6 (L) /(L)




F IV S

lscb
ls0y
1elo
1511
1612
1513
1914
115
lelo
Lely

L
—
[+

g

—r
°
[ A o
C «

LY

YEVIEVERVIRVORVYN SN SN ) AN

—— - s e O e et e b= B e e e

[ U VA Y Vol Y SR VY SURY SR VI Y SR AT Y RN ol CASR VAR UANE 5 3 LY U U g

CC Gt &G ~LT ok (b —C WO Q. tn

PN« T - A S SV SOV IRY )

—
n

l19cC
13si
PAVINY]
<ulu
<ULZ2U
PRVICIV]

us (Fe=fl)/I(L)
ve(bZ~-f1l)/2

=y

IF Ao(L)>.Z2 THEW 1¢l7
Ao (L)=z2*pu (L)

Ao (L)=2*A6 (L)

IF AS3(L)<Al TEEN 1611
AG(L)=Al

GCTC 19z8

IF Ao(L)<.v¥S AHEN 1ve3
A {L)=Ac(L)/2
Ao(L)=ao(L)s<

GCIC Lyl7
AS=vELS(AC (L))

CeirpuT 717 ;a8 ,a8,A%3
wAI'l Ziu

ENLIER T2z ; 16

FCF =g 1C I(L)
Fd(N)=SFo(L)+L*[=v
Fa$=VALS (Fa(d))
RIS="6"

EeS="rr"

CULTEUT 717 jhes e ,uls
~AIT lz*il+lou

CuIBUT 7¢9y 3w 3"
EetEROTLE 3 A1)

dJbal N

ColEr Tez ;7 L2

FUF W=l 1C I(L)

IF A(N)<A(H) Tutn 1s€Ed

IF m(i)=A(t) TdEw 1v+3 ELSE 1Sy
PEIND A(N)

H=N
hesT o
X=Ain)

t=(A(H+1l)-a(d-1)) /<
Z=(A(a+1l)+A(R=-1)-2*x)/ 2
FE(L)=~(Y/(2%u) )

A6 (L) =X+Y*F6(L)+u*Fb (L) 2
fo(L)=Fa(d)+F9(L)*(Ffa(a)=-Fa(=-1))
Ll,ca il ,he,d? ra=y

Ld L I350U

AT7(L)=Ao(L)/EuF(2)

FCR =y 1iC B

IF A7(L)=A(N) 'QiHEL <ce¢ll

IF A7T(L)<Aa(N) lanEN 217v

IF A() <Ll THEL <a3C

s1=A(N)
Hdl=N

GCTC 248y

e




<270 If a(N) >z THEN Zalu
2200 £2A (&)

<%0 Rz=Nh

2wy CCIC 24E5¢

‘ 241lu Bl,i2=A (&)

: 42U E1l,lie=i3

\ <430 FT7=F4(d2)

244U GU1C 247U

2450 NEXT N

=%l a=(AT(L)~cLl)/(E2=1)
ciobl EYSNF(Fe(ul)=ra(ul)j+raial)

! 2450 ¢CF =8 iC I(L)

z=cL I7 27{L)=A () LREN ZScU
. catU IF AT(L)>Aa(y) dmbin 285«l
! 2300 IF A(n) €% fsfa 253

<S1lu L3=;:(?")

232U risp

<530 CCiC Zozi

24l IF A(N)<=L4 QuEsn 237L

<S50 cy=l(n)

2Zou Dd=y

<570 ¢CIC 2vi(

L
(o]
ps
¢
n
]
]
T
f
A
(93]

<olL GUIC Zoau

cbel Hi&l o

<Ccl 4\3(4-‘.7([.)“;1)/(;‘:‘15‘&')

<030 FosS=(a*(Fd(Ha)~te(nl)))+Fa{n«)
b4y L{L)=ro(l)/(ra-t7)

PRINIER IS J0L1,lz22

<6 /0 CLEAER

c077 !
<578 !
2679 ! VARY

, Zoou FOR E=l 1C
Z6063 FCE K=1 1C :
i6c$ CISF "I Am IN FAVIMNE FCK  GF nCDE ";L

[ Y]

f 2630 9 (1l)=u(L)

& 270U J(2)=1.0CS* (L)
: 2710 S(2)=.555* (L) 1
! 2711 R=A6(L)
i 271z U=(l/3(K))" 2

o 2720 E(K)=u
[ 2730 FCR w=1 TC I(L) :
‘ 2740 C(N) =R/ (J (K)*SuR((F4 (M) /F6(L)~Fo(L)/F4(N)) "2+0))

2750 D=(A(N)=-C(N)) "2
2760 E(K)=E (K)+D
2770 NEXT N

2775 CLEAE

78




X
S((E(2)=E(3))/(Z*(E(Z)+E(3)=2*E(1))))
L)=J (1)+v*.(U05*J (1)

! VARY AMp

CLEAR

FCR K=1 ¢C 3

LISP "I & IN RAVILE FCK AMPLITULCE Or MCLCE ";L
J(l)=Ao (L)

> J(z2)=1.002*%26 (L)
J J(Z)=.99E*Ac (L)

U=(l/w(L)) "2

E (k) =0

FCk N=1 IC I(L)

C(N)=J (K)/ (w(L)*SCR((Fd(l.)/Fo(L)=Fe(L)/F4 (L)) "2+0))

D=(A(K)=C(N)) "2
E(K)=E (K)+C
NEXT N

CLEAK

NEXT K

V== ({E(2)-E(3) )/ (2*(E(<)+E(3)=2*E(1))))
A6 (L)=Jt1)+V* uui*u(])

1
1
!
! VARY FREL

CLEAR

FGR n=1 IC 3

CISP "I &! Ii RAVINE FCR FRECUEMCY CF sCLE ";i
w(l)=Fé (L)

J(Z2)=.L0US*F6 (L) /i (L)+F6(L)
J{3I)==(.UUu5*Fo (L) /(L))+EF6(L)

E=A6 (L) R

=(l/u (L)) "2

E(k)=0

FCR N=1 TC I(L)

C(N) =R/ (W tL) *SGR((F4(N) /3 (8). =G (K} /F4(N)) "2+0L) )
C=(A(N)-C(N)) "2

E(RK)=E (K)+L

NEXT &

CLEAR

NEXT kK

V== ((E(Z).~E(Z))/(<*(E(Z)+E(3)=<*E(L1))))
cE(L)=J (1)+v* ,0US*G (1) /(L)

NEXT E
!

O PR bk i




]
3 !
B ! LAST S1CT RAVINE 3%
3 CLEAR
i : OISk "I & I& LAST Si3C1 w"
| 3 J=Ab (L)
3 L=l (L))’
: E=y
221y FUR w=1 4{C ItL)
3 UC(r~z)=u/(u(L)*:§u ((Fa(N)/Fe(L)=-FEo(L)/Fa(l)) 2+0))
| izl L=(a(L)=C(N)) <
1iio E=LE+C
1123 nexT N
f 112 G=u*AS
57 qu/G
! o oL G3[itz]
SC AESIGLs L IC “"CLataA"
bu L4=1[M2
71 Ti=(1ZI+lc)/2
cu ri=y
sU khlils L,IZ2 ;3 Ta,i7,25,L,bc(L) v, i(L) Y, Ac(l) I12,L
Lu ASSIcus 1 0 o+
U1 G3="30 Lk 3L 30 y2i Lyl 428 4l 40,800 30 48 4ol alE
A,EL.4U,3A,3£C3£,E),4E,5a,3£,cA,L.e£t"
e FFINT GSINC s 5 16,150,058, L, e (L) u, (L), ,x ,acl) IE
\E
lalu IS=IZ+]
ta.0 FaoxvALS(re (L), -
TaiL AadsvaLliifein)y
tagu CUIPUL TLT7 jhes ASLACS
Tele anll zZlC
e wliPLY 717 jhkev,zed ,als
ta7u oAIT Tlxlo+lug
Jgmy CULELT J6y p"val®
3S0 wN1ER 7C¢ ; Co{(Ll)
457 rRILIER IS 2
aScl CLEAFR
42l NEXRT L
4%tz FRINTIER I3 01
4S50 PRINIDI ULSIGG 4Soa
«Ste IMACE /
463 FRINTIER IS 2
avy5 !
4990 !
4Sv7 |
456¢ ! TRACK
Suuu Té=v
S¢lC FCER L=1 QC o
Sull CISF "I Ffut 18ACAILGC OCLE ";L
SuzlL Fas=vaL3(Fuwi(l))
Suly Assvals(Au(L))
:

X 80




vy

in

SualL CUlPLYL TLT7 ;aZ&,a%,0
Sv4l wnhIl Zou
Suio LulibuL 717 shZs Bes el

] ) SteL walIT 11*10+1uu
3 SCol CULTERuL 7uy ;"vii"
z - .

Se7u eiliEk TLE 3 AY
Sueu IF Av<=,9*Co (L) e Sllu
Suvu IF Ag>=l.l*Ce (L) 1HEM Etllu

Slev ir .‘.7>.-} PV W 521.14
| Sliv ac(L)=2* a0 (L)
514(/ l;.'}-‘.*r\s
; £18¢ I Ac(l)<Aal T&EN 3lcd

! 5160 Ac (L) =Al
S17¢ GLiv ZZzsu
Sclu Ir £9<, Y% 1HEN Sc4d
S22z Ad{L)=he (L) /<
2l As=As/c
524U GUIC 321y
Zewl CLeAr
EeSU wial L
Jecu whlbEn 722 7 lo
SZ70 IF Abks(lo~17)>=.2 1ZLwn 1302
ot IF 13<L laide EZuit
siuw PEINILE IS &
3301 14118 1
D‘LLU [’El.‘«x “\;\;L'H‘_ Av .-.L’.r;v‘u;.w_ .';x.i.:. v .—;;‘L’LI.V;L:. Ml .:.J:"L’_ "7- !
-
3z
[S3-AAW
ovyvs
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sample progran for ob=aining infsrma<ion
from the dJdata *aps 22d utilizing i4 in a figure or plot.
Thz key spo*t in this prograama is =2t line 31, the reading cf

Jata from *the *tape. There ar= =z maximum 2£f 850 recoris cn

the *tape. In *this cise, I5 is indica*ing which record iz +o

s accessed. Zach Oof zhese raccrodéds czn be acc:zssed in a
rzndom manns=r. Ociy +hs actuzl vales iz s=zr=zil, anct ths
specific vaziabple that Tsprzssnts i-. Zhus Zzr zxaaple, if

G =4, and B = 7 wer2 storsd, dJaly ths actual viluss wouli

be s:ored in the orisr given (1,3,4,7). dhen t23ding
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3z vaZue might bDe czlled A, <he

seccnd 2, e*c. Ths iaporstarn: pdrint is <hat i1f the 4=h

n

in the reccrd is d2sicel, foar values anus*t be rc=ad in*o
memory (cead 2 valuss <o get ath value) and whataver +he

reediag progrzam <c21ls ths

w

ntry, is what It now musz be

referred %o within “h2 program.
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CLEAR & EEEF ¢ GCLEAR
DISP "LCw wANY rFOINIS ARE BEING EVALLAILC? ENIEE nlMeE

INEUT E
CLEAK
CISF "ENIER TRE LCwESY TE4P DESIREL CN ELCT"
INFUWT E1
CLEAR & EEEF
LISF "ENIER 1HE HIGEEST TEMP CESIRED CK PLCI®
INPUT EZ
CLEAR & ELCEE
CISF "ENTEF TRE »CCE § CESIFEL"
INPLT G
CLLAR
LIS "ENIER THE FICGULRE # LESIREL TC EE ERINTEL"
INEUT ES
CLZAK
<7 CIM Tl(081l),12(551)
28 GCLEAR ¢ CLEAK
2% ASSIGN# 1 1C "CaTa"
3¢ FOF I53=1 1IC E
il READ# 1,I5 ; 14,77 ,B5,L,F6
iz IF L=G THEN 4¢ ELSE S¢
40 T1(IS)=(F6/G)"2/1G 6
41 T2(IS5)=T7+273.16
56 NEXT IS
51 ELOTIER IS 7G5
52 PEN 1
oC GCLEAK ¢ CLEAR
6l B7=FLCCK (5L+273.le)
02 E6=CEILIB2+273.16)
70 SCALE E7-1¢,c6+5,35,51
clL XAXIS 40,1C,E7,EE
$¢ YAXIS B7,2,4C,50
Sl LCIF G,SIN(9G) & PENUP
¢Z FCR X=B7 TC E8 STEF 1¢ & PENLP
$3 MOVE x,37.5
v4 LABEL VALS(X)
G5 NEXT &
96 LDIR ©
97 FCR ¥=40 TC S0 STEP 2 € PENUP
96 MCVE B7-4,Y
9y LABEL VALS(Y)
10U NEAT Y
101 LODIR ¢ @ PENUP
10z MCVE B7+10,36
163 LAEEL "TEMPERATURE (k)"
104 LCIR C¢,SIN(S) & PENUP
1S MCVE £7-8,37
106 LABEL " (FREL/M%)"2 IN KHZ 2"

IRIRY MY i = e A QO VO U T R

TN =\ On N1 C
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107
lus
1¢9
l1lu
111
112
14y
150
151
132
135z
134
155
le(
lel
lee
17¢

LDIR C & PBENUP
MCvE B7~8,3°5
LAEEL "PLCT CF FREL"Z VS TEME,sCDE *
LCIK ( & EBENUE
rOVE B7+5,50
LAEEL "FIGURE "
FEN <

FCF w=U 10 s&/3-1
P=G+ 3*N

Finur

ELOT T2(2) ,T1(E)
NEAT I
EEINUE
CLZAR ¢
rEwING
CISE “ALL CONE, 1IME

o r~
Fou

He

1BY

GCLEAR
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